Psychophysiological requirements of chess players are poorly understood, and periodization of training is often made without any empirical basis. For this reason, the aim of the present study was to investigate the psychophysiological response and quantify the player internal load during, and after playing a chess game. The participant was an elite 33 year-old male chess player ranked among the 300 best chess players in the world. Thus, cortical arousal by critical flicker fusion threshold, electroencephalogram by the theta Fz/alpha Pz ratio and autonomic modulation by heart rate variability were analyzed. Data revealed that cortical arousal by critical flicker fusion threshold and theta Fz/alpha Pz ratio increased and heart rate variability decreased during chess game. All these changes indicated that internal load increased during the chess game. In addition, pre-activation was detected in pre-game measure, suggesting that the prefrontal cortex might be preparatory activated. For these reasons, electroencephalogram, critical flicker fusion threshold and heart rate variability analysis may be highly applicable tools to control and monitor workload in chess player.
Introduction
The game of chess offers an enabling environment for the study of basic cognitive processes (memory, perception and problem solving) [1, 2] where the executive function plays an important role [3] . Researchers have focused in investigate mental load or activation patterns during solving chess problems [4] showing activation of frontal, temporal, parietal and occipital areas [5] [6] [7] . Also, one of the most important functions of the prefrontal cortex is the decision-making, which is so present in chess, because players have to decide the next movement in a delimited time period [8] . In this line, one of the causes of decreased performance in athletes is central nervous system (CNS) fatigue [9] , but the influence of stress on CNS fatigue is a poor studied area. One of the methods frequently used to measure CNS fatigue and cognitive function is the critical flicker fusion threshold (CFFT). The utility of CFFT has been focused in the relationship between arousal levels with CNS Lafere [10] . A raise in CFFT suggests an increase in cortical arousal and sensorial sensitivity. By contrast, a decrease in CFFT suggests a reduction on the system efficiency to process information [11] and is a symptom of CNS fatigue [12, 13] . Previous studies had demonstrated that efforts performed at maximum speed and with high implications of muscular strength appear to further affect the CNS [14, 15] , as well as high stress situations as combat, in which both cortical arousal and autonomic modulation are affected [16, 17] .
In this line, it is important to know how cortical arousal is influenced and associated by other systems. Prefrontal cortex This article is part of the Topical Collection on Education & Training * Vicente Javier Clemente-Suárez vctxente@yahoo.es activity is associated with vagal function, being this autonomic modulation easily measured by the heart rate variability (HRV). In this sense, different levels of cognitive tasks [18, 19] , continuing attention process [20] and cognitive processing task in which a large cognitive load is demanded produced a decreased HRV [21] . Regarding specifically cognitive processes, the electroencephalogram (EEG) in theta band tend to increase when task difficulty is increased or when greater levels of mental effort are required [22] [23] [24] [25] [26] . For that reason, theta band has been considered as a potential indicator of cognitive effort and a measure of success in cognitive tasks [27] . Similarly, alpha band decreased during arithmetic tasks [24] . In relation with that, frontal theta and parietal alpha activity have been proposed as indicator of overall brain load [28] . The psychophysiological requirements of chess players are poorly understood, and periodization of training is often made without any empirical basis. The use of biotechnological devices to quantify the workload of chess players is presented as a basic fact to structure a specific training model and to achieve successful early talent detection. For this reason, the aim of the present study was to investigate the psychophysiological response and quantify the player internal load of a chess player before, during, and after playing a chess game.
Methods

Experimental approach to the problem
To reach the study objective, the cortical arousal by CFFT, EEG and autonomic modulation by HRV was analyzed in an international chess player during a chess game.
Participants
We analyzed a 33 year-old male chess player that was a national chess champion in different categories and participated in chess Olympiads. At the time of the study, the player was ranked among the 300 best chess players in the world with an ELO higher than 2550 points. The player has been practicing chess for more than 26 years and trains between 3 and 4 h per day. The playing level for chess is determined by ELO rating system, developed by Arpad Elo [29] , and introduced by the Federation Internationale des Echecs (FIDE). It is a method for calculating the relative skill levels of players in competitorversus-competitor games [30] .
Procedures
Before starting the study protocol, participant received instructions about the procedures and protocol requirements during the chess games. A familiarization period with the computer and the equipment required for testing, checking the mouse and the chess engine, was performed. The experimental room was calm, and light and temperature were continuously regulated.
Participant played one chess game with white chessmen, consisting in 15 min plus a 10 s increment for each movement (known as rapid game). As pre-game, EEG signal was assessed during 5-min resting period with eyes-open. Moreover, short-term 5-min recording in sitting position, according to the Task Force of the European Society of Cardiology and the North American Society of Pacing and Electrophysiology [31] , was used to measure HRV. In addition, cortical arousal was also registered by CFFT. The same procedures used in the pre-game were performed one minute after finishing the chess game as post-game to assess the acute effects of a chess game. In addition, during chess game, EEG and HRV were monitored. All procedures were approved by the University research ethics committee according with the Declaration of Helsinki.
Instruments and data processing
EEG data was assessed using the Enobio device, a wireless electrode system (Neuroelectrics, Cambridge, MA, USA) (Ruffini et al. 2006, 2007) . The reliability of this instrument was demonstrated, even using dry electrodes [32] . EEG data, according to the International 10-20 system, was recorded in Fz and Pz in order to calculate theta Fz/alpha Pz ratio, which is a measure of the overall brain load [28] . Electrodes placed in the mastoids served as references and impedance was kept below 10 KΩ. EEG was recorded with a sampling rate of 500 Hz, 50 Hz notch filter and bandpass filtering (1-40 Hz) was employed. EEGlab toolbox (MatLab) was utilized for pre-processing and data analysis. Rough artifacts were removed from EEG signals and eye movement artifacts were corrected using independent component analysis (ICA) [33] . The data was banded into theta (4-8 Hz) and alpha (8-12 Hz) frequency bands.
To record the HRV a reliable heart rate monitor (Polar RS800CX, Finland) was used [34] . HRV data was analyzed using Kubios HRV software [35] . For correcting artifacts a medium filter was applied, where correction level identifies all RR intervals that are larger/smaller than 0.25 s compared to the local average. The correction is made by replacing the identified artifacts with interpolated values using a cubic spline interpolation. Smoothness prior method with a Lambda value of 500 was used to remove disturbing low frequency baseline trend components [36] . Time domain HRV measures include: Heart rate (HR) mean RR mean, standard deviation of all NN interval (SDNN), NN50 count divided by the total number of all NN intervals (Pnn50), the square root of the mean of the sum of the squares of differences between adjacent NN intervals (rMSSD). Frequency domain HRV measures include: ratio Low Frequency (LF, 0.04-0.15 Hz) / High Frequency (HF, 0.15-0.4 Hz) (LF/HF). Non-linear measures include: Sample Entropy (SampEn), short term beat-to beat RR variability form Poincaré plot (width) (SD1) and long term beat-to beat RR variability form Poincaré plot (length) (SD2).
Cortical arousal was measured using the CFFT in a viewing chamber (Lafayette Instrument Flicker Fusion Control Unit Model 12,021), following the procedure of previous studies [37] . An increase in CFFT suggests an increase in cortical arousal and information processing; a decrease in CFFT values below the baseline reflects a reduction in the efficiency of information processing and central nervous system fatigue [12] .
Chess game was developed with Fritz 15 software, using Stockfish 6, 64 BIT, as chess engine that has been previously used in research [38] . It is one of the strongest chess engines in the world and it is open source (GPL license). Chess engines are a useful tool for chess training, reproducing the tactical responses of humans [39] . An ASUS laptop was employed (Intel Core i7-6500 U, 1 TB, 8 GB memory DDR3L-SDRAM). Fritz software responded automatically to moves, simulating a real chess environment. The research technician selected the Fritz level according to the ELO level of the player i.e. 2550.
Results
The chess game had a total duration of 16.65 min and the participant was able to win the game against the chess engine. Data obtained in the EEG revealed that a cognitive task such as rapid chess game, increase theta Fz/alpha Pz ratio (1.39 μV2/Hz / 0.88 μV2/Hz 4.07) comparing with the pregame (1.22 μV2/Hz / 0.63 μV2/Hz =1.39) and post-game (1.26 μV2/Hz / 1.09 μV2/Hz =1.16). Although, post-game theta Fz/alpha Pz ratio showed decreased value than pregame (see Fig. 1 ). CFFT showed an increase of values after the chess game.
In the same line, analysis of HRV revealed a decrease of the variables during chess game comparing with the pre-game (see Table 1 ). However, HRV post-game showed increased HRV in comparison with the pre-game and the rapid game HRV values (see Table 1 ).
Discussion
The present study aimed to analyze the psychophysiological response and quantify the player internal load of a chess player before, during, and after playing a chess game. Results indicated that EEG measures, HRV and CFFT were sensitive measurements to quantify the cognitive demands of chess game in a high level chess player.
EEG results showed that theta Fz/alpha Pz ratio increased during the rapid chess game comparing with pre-game. As stated in previous research, this theta Fz/alpha Pz ratio could indicate the task internal load, increasing the theta Fz/alpha Pz ratio when task demands are increased [28, 40] . In this line, theta Fz increased and Pz decreased with higher mental load [41] . Because it reacts to loading changes [28] named this ratio as Bbrainbeat^. Thus, this index, allows us quantifying the tasks internal load, becoming a useful tool to control and planning the specific chess training. In this line, referring to HRV, our study showed how HRV decreases during the chess game in comparison with pre-game and post-game. These results support the association between HRV and cognitive demands. Previous studies have shown how the HRV was a reliable and sensitive index of mental effort [18] . Similar results have been reported with different levels of cognitive tasks [19] , attentional process and tasks [20, 42] and cognitive processing tasks in which a large cognitive load is demanded, leading to a decreased HRV [21] . For these reasons, HRV could be used to identify when athletes have fully physical and cognitive recovered from a task.
The increase in cortical arousal is related with highest requirement of information processing to achieve maximal performance through efficient and rapid movements. These increments in cortical arousal after the chess game have also been evaluated after different sport events as maximal oxygen uptake cycling test [43] , incremental maximum cycling test [44] , thirty minutes maximum cycling test [45] , 70% maximal oxygen uptake cycling trial [46] and 1RM squat test [47] . By contrary, other high intensity activities as repeated sprint ability test [15] , a cycling test to exhaustion [48] a hypertrophy strength training [49] or high stress environments as combat or parachute jumps [17, [50] [51] [52] [53] produced a decrease in cortical arousal. We can observe that depending on the duration, intensity and level of stress, the cortical arousal may be modified, being the CFFT assessment a rapid, cheap and useful tool to monitor this parameter.
Interestingly, results showed that post-game HRV, EEG and CFFT achieved positive values than pre-game which possibly could be due to a pre-task activation. Previous studies Oboshi et al. [54] reported similar results, suggesting that the prefrontal cortex might subserve unconscious preparatory activation. They suggest that more pre-task activation is related to better cognitive performance [54] . Also, researchers have found that the medial part of the prefrontal cortex was activated when participants predicted the timing of a task [55, 56] . In this line, little is known about how expertise could affect this pre-task activation in chess. Therefore, as a limitation of the present study, the pre-game measures could be influenced by pre-task activation and participant may not be fully relaxed. However, this is common in most of the previous research because participants are often aware about what they are going to do and exhibit a pre-activation. Thus, more studies comparing this pre-task activation in different expertise chess level are needed.
Practical aplications
One of the implications of the present study is that EEG, HRV and cortical arousal may be useful in chess or cognitive training, since they could be objective measures for assessing cognitive load caused by cognitive tasks. Also, theta Fz/alpha Pz ratio is easy to interpret and could be used as measure to assess the task internal load. In this line, these tools could be also applied in other fields where mental load or fatigue have great influence such as, aircraft or air-traffic control [57] . These novel results could be applied to other areas as air traffic controllers, professional videogame players as other professions where cognitive load is determinant to obtain performance.
Conclusion
A rapid chess game produced an increase in theta Fz/alpha Pz ratio, cortical arousal and sympathetic autonomic modulation. Electroencephalogram, critical flicker fusion threshold and heart rate variability analysis can be useful tools to control the mental workload in chess players.
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